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(7) having a sheet resistance of maximally 1000 
Q/sqaure. The adjacent parts of the polymer layer 
are substantially non-conductive and have a sheet 
resistance which is a factor of 10^ higher. An elec- 
trodeposited metal layer (9), for example of copper, 
is present on the conductive areas (7). 

A description is also given of a simple method of 
photochemically generating the conductive pattern 
(7) which can be reinforced in an aqueous metal-salt 
solution by electrodeposition of a metal layer (9). A 
description is given of, inter a//a, the patterned 
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© Laminated structure of a metal layer on a conductive polymer layer and method of manufacturing 
such a structure. 


© A description is given of a laminated structure 
(1) comprising a substrate (3) and a polymer layer 
(5). The polymer layer consists of conductive areas 
(7) having a sheet resistance of maximally 1000 
Q/sqaure. The adjacent parts of the polymer layer 
are substantially non-conductive and have a sheet 
resistance which is a factor of 10 6 higher. An elec- 
trodeposrted metal layer (9), for example of copper, 
is present on the conductive areas (7). 

A description is also given of a simple method of 
photochemically generating the conductive pattern 
(7) which can be reinforced in an aqueous metal-salt 
solution by electrodeposition of a metal layer (9). A 
description is given of, inter alia, the patterned 
exposure of a layer of 3,4-ethylene dioxythiophene 
or polyaniline. The method can very suitably be 


used for the manufacture of metal patterns on in¬ 
sulating substrates, such as printed circuit boards. 
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The invention relates to a laminated structure 
comprising an electrically insulating substrate car¬ 
rying a electrically conductive polymer layer of a 
polymer having a sheet resistance of maximally 
1000 Q/square, a metal layer being electrodeposit- 5 
ed onto the electrically conductive polymer layer. 

The invention also relates to a method of manufac¬ 
turing such a structure. 

Such structures are used as printed circuit 
boards, in which the metal layer (mostly copper) is io 
provided in accordance with the desired conductive 
track pattern. The substrate material used is made 
of, for example, synthetic resin, a composite ma¬ 
terial such as glass fibre/epoxy, paper/phenolic res¬ 
in or ceramic. The substrate material is generally is 
flat and plate-shaped, although it may alternatively 
be formed by a flat or curved form of, for example, 
the synthetic resin housing of a domestic appliance 
or shaver. 

A printed circuit board can be manufactured by 20 
providing a substrate with a copper foil via an 
adhesive layer. The copper foil is provided with a 
photoresist layer and, in succession, exposed to 
patterned radiation and developed, whereafter the 
undesired copper is removed in a chemical etching 25 
bath. For reasons relating to the protection of the 
environment, this method is less desirable. In ac¬ 
cordance with another method, the substrate, which 
is non-conductive, is provided with a copper layer 
in a electroless process. To this end, the substrate 30 
is first activated with a noble metal, such as pal¬ 
ladium, and then immersed in a electroless metal¬ 
lization bath. Such a bath contains a aqueous solu¬ 
tion of, inter alia, a copper salt, a complexing 
agent such as EDTA, and a reducing agent such as 35 
formaldehyde. The copper layer provided in a elec¬ 
troless process is generally reinforced with a cop¬ 
per layer applied by means of electrodeposition. In 
this process a external current source is used to 
electrodeposit copper onto the copper layer for- ao 
ming the cathode from an aqueous copper-salt 
solution. 

However, electroless metallization has the 
drawback that the activation is non-selective, so 
that the deposited uniform copper layer must sub- 45 
sequently be provided with a pattern in a 
photolithographic process and by means of chemi¬ 
cal etching, which is very laborious. Another 
drawback is that expensive noble metals (such as 
palladium) are necessary to activate the substrate so 
surface and that the metallization baths used read¬ 
ily become instable. Moreover, said metallization 
baths contain toxic components such as the above- 
mentioned complexing and reducing agents. 

A laminated structure of the type mentioned in 55 
the opening paragraph is known from an article by 
S. Gottesgeld et al. in J. Electrochem. Soc. Vol. 

139, No. 1, LI 4 (1992). The known structure is 


manufactured by providing a substrate with a elec¬ 
trically conductive polypyrrole layer. To this end 
the substrate is immersed in an aqueous solution 
of pyrrole and a ferri-salt. After an immersion time 
in this solution of at least 0.5 hour an electrically 
conductive polypyrrole layer having a specific con¬ 
ductivity of 60 S/cm is formed on the substrate. 
The sheet resistance is a few hundred Q/square. 
Although in general polymers are poor conductors, 
it is known that polymers comprising poly-con¬ 
jugated chains obtain electrically conductive prop¬ 
erties. Said conductivity is referred to as intrinsic 
conductivity. Examples of such polymers are: 
polyacetylene, polyaniline, polythiophene and poly¬ 
pyrrole. The conductivity of these polymers is gen¬ 
erally low but it can be increased by, for example, 
(electro)chemically oxidizing, referred to as doping, 
the polymer, resulting in the formation of p-type 
conductors. Suitable dopants for obtaining p-type 
conduction are, for example, h, AsFs, SbFs, HBF4, 
perchlorates, sulphonates, SO3 and FeCh. This 
doping results in the formation of positive charge 
carriers on the polymer chains, which charges are 
compensated for by negatively charged counter¬ 
ions. The sheet resistance of the doped polypyrrole 
layer thus obtained is sufficiently low to provide 
this layer with a copper layer in a electrodeposition 
process. 

A disadvantage of the known method is that 
the copper layer is non-selectively provided, so 
that it is still necessary to structure the uniform 
copper layer at a later stage to obtain the desired 
pattern. According to said article, the copper layer 
can be structured by removing the undesired poly¬ 
pyrrole from the substrate. The article does not 
indicate how this could be done; in any case, 
removal of undesired, conductive polypyrrole re¬ 
quires a additional process step. 

It is a object of the invention to provide, inter 
alia , a laminated structure the polymer layer of 
which comprises a pattern of conductive and sub¬ 
stantially non-conductive polymer, a metal layer 
being applied to the pattern of conductive polymer 
by electrodeposition. The invention also aims at 
providing a simple method of manufacturing such a 
laminated structure, which does not have the 
above-mentioned disadvantages, in particular a 
method in which no electroless metallization baths 
are used and in which metallization takes place 
selectively according to the desired pattern. 

A laminated structure as described in the open¬ 
ing paragraph is characterized according to the 
invention in that a pattern of areas of substantially 
non-conductive polymer whose sheet resistance is 
at least a factor of 10 6 higher than that of the 
conductive polymer is formed in the polymer layer, 
and said pattern is not provided with a metal layer. 
The invention is based on the insight that for grow- 
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ing a metal layer on a conductive polymer layer by Another suitable embodiment of the laminated 

electrodeposition, a maximum sheet resistance is structure in accordance with the invention is char- 

required to obtain a minimum difference in layer acterized in that the polymer layer comprises pre¬ 
thickness of the metal layer, and, in addition, for dominantly polyaniline (PANI). In accordance with a 

obtaining the desired pattern definition the sheet 5 method which will be explained in greater detail 
resistance of the parts of the polymer layer on hereinbelow, PANI can be manufactured both in a 

which the metal layer is undesired must be at least conductive state and in a substantially non-conduc- 

a factor of 10 6 higher than the sheet resistance of five state. In a typical example, conductive PANI 

the conductive parts. This means that if the layer has a specific conductivity of 48 S/cm and a sheet 

thicknesses of the conductive parts and the sub- io resistance of 100 0/square at a layer thickness of 

stantially non-conductive parts of the polymer layer 2.1 um. At the same layer thickness, the substan- 

are equal, the ratio of the respective sheet resis- tially non-conductive PANI has a sheet resistance 

tances is at least 10^. In particular for the manufac- of 10 9 Q/square. 

ture of narrow metal tracks a low sheet resistance Copper is generally used for the metal layer of 

of the polymer pattern is important to electrode- is the track pattern because it has a satisfactory con- 

posit metal in a uniform layer from a metal-salt ductivity, solderability and many electroplating cop- 

solution. Too high an ohmic drop in the conductive per baths are available. Also other metals can be 

polymer pattern during electrolysis causes a small- provided by electroplating, for example silver, nick¬ 
er metal deposition in areas which are further re- el, chromium, tin, lead and alloys of said metals, 

moved from the electrical connection point of the 20 The invention also provides a simple method of 

external current source. Pattern definition is impor- manufacturing the above-mentioned laminated 

tant if metal tracks are located at a small distance structure, which method is characterized in that a 

(for example 0.5 mm) from each other. A high layer of a solution comprising 3,4-ethylene diox- 

sheet resistance of areas situated between the sat- ythiophene monomers, a oxidation agent, a base 

isfactorily conducting areas of the polymer layer 25 and a solvent is provided on a substrate, 
precludes metal from being electrodeposited in whereafter the layer is exposed to patterned radi- 

these areas and hence undesired short-circuits be- ation and subsequently heated, thereby forming 

tween the metal tracks in subsequent applications. conductive polymer in the unexposed areas and 

For the substrate of the laminated structure in substantially non-conductive polymer in the ex¬ 
accordance with the invention use can be made of 30 posed areas, after which the metal layer is elec- 

synthetic resins, glass, quartz, ceramic and com- trodeposited onto the conductive polymer from a 

posite materials such as glass fibre/epoxy (FR-4), metal-salt solution. 

paper/phenolic resin (FR-2) and paper/epoxy resin Solutions comprising monomers or undoped 

(FR-3). The substrate may be in the form of a oligomers or polymers and typical oxidation agents 

separate part or it may be integral with a housing 35 which are used as dopants, such as Fe(lll)-salts, 

part, which may or may not be curved, of a electric are often instable. During the mixing of said corn- 

device. ponents instantaneously doped polymers are 

A suitable embodiment of the laminated struc- formed in the solution, so that the formation of a 

ture in accordance with the invention is character- conductive polymer pattern on a substrate be- 

ized in that the polymer layer comprises predomi- 40 comes impossible. Surprisingly, it has been found 
nantly pojyj ,4-ethylene dioxy thiophgpa (PEn fm that the reaction rate of the polymerization reaction 

In accordance with a method which will be de- and/or doping reaction is reduced by adding small 

scribed in detail hereinbelow, PEDOT can be man- quantities of a base to the solution. Dependent on 

ufactured both in a conductive and a substantially the concentration of the base, the reaction can be 

non-conductive state. In a typical example, conduc- 45 completely suppressed at room temperature. If an 
five PEDOT has a specific cond uctivity of 300 effective base concentration is used, solutions 

S/cm and a sheet resistance of 470 Q/square at a comprising monomers, oligomers or polymers and 

layer thickness of 0.07 um. The substantially non- a suitable oxidation agent can remain stable at 

conductive PEDOT has a sheet resistance of room temperature for approximately 12 hours: no 

1.4 •10 9 Q/square and a specific conductivity of so polymerization takes place. These stable solutions 
10" 4 S/cm. In addition to a high conductivity, con- can be used to spin coat thin layers onto a sub- 

ductive PEDOT layers have a great stability when strate. After heating of the layer an electrically 

exposed to UV-light (X > 300 nm). The temperature conductive polymer is formed. If prior to heating of 

stability of PEDOT is may times better than that of the spin coated layer of monomers or oligomers, 

other known conductive polymers. The ethylene 55 said layer is exposed to, for example, UV-light, 

group of PEDOT can be substituted with a C 1 -C 12 surprisingly, a non-conductive polymer is formed 

alkyl group or alkoxy group. These substituents after heating. If the spin coated layer is partially 

improve the solubility of the EDOT monomers. exposed to light, conductive polymer is formed in 
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the unexposed areas and substantially non-induc¬ 
tive polymer {i.e. having a sheet resistance which 
is at least a factor of 10 6 higher) is formed in the 
exposed areas after heating. In accordance with 
this method, patterned irradiation via , for example, 
a mask results in conductive polymer patterns in 
the unexposed areas and areas of insulating poly¬ 
mer in the exposed areas. 

A solution of 3,4-ethylene dioxythiophene 
(EDOT) monomers, a suitable quantity of a base 
and an Fe(lll)-salt as the oxidation agent is stable 
at room temperature. A layer of said solution can 
be applied to a substrate by spin coating, spraying 
or immersing. The layer is exposed to patterned 
radiation with deep UV-light (X < 300 nm). Subse¬ 
quently, the layer is heated to approximately 110* 
C, thereby initiating the polymerization reaction. A 
conductive polymer having a low sheet resistance 
is formed in the unexposed areas and substantially 
non-conductive polymer is formed in the areas 
exposed to deep UV-light. Subsequently, the layer 
is extracted with, for example, water, methanol or 
1-butanol. As a result of said extraction the re¬ 
duced oxidation agent, for example the Fe(ll)-salt 
formed, is removed from the layer. 

The sheet resistance obtained and the differ¬ 
ence in sheet resistance between exposed and 
unexposed areas of a factor of at least 10^ are 
sufficient for attaining a selective reinforcement 
with a metal layer which is applied by elec¬ 
trodeposition. 

The ethylene group of EDOT can be substi¬ 
tuted with a Ci-Ci 2 alkyl group or alkoxy group to 
improve the solubility. Also oligomers of EDOT, 
which may or may not be substituted, such as the 
tetramer of EDOT-C 6 H 13 , may be used in the 
method in accordance with the invention. 

Oxidation agents which can suitably be used in 
this method in accordance with the invention are, 
for example, soluble Fe(lll)-saJts, such a s tris- 
(toluene sulphonate)Fe(lll), Cu(ll)-salts, such as Cu- 
^TBFV)^ ana CepVj-sarts. An example of a suitable 
organic oxidation agent is 2,3-dichloro-5,6- 
dicyanoparabenzoquinone (DDQ). The choice of 
the oxidation agent is governed by the redox po¬ 
tential of the monomer, oligomer or polymer used. 
In order to be able to suppress the polymeriza¬ 
tion/doping reaction at room temperature, the redox 
potentials of the oxidation agent and the monomer, 
oligomer or polymer must not differ too much. 

Suitable soluble bases for this method are, for 
example ^ imidazole , dicyclohexylamine and 1,8- 
diazabicydo[5.4.0]undec-7-ene (DBU). 

Another suitable method in accordance with the 
invention is characterized in that a layer of a solu¬ 
tion comprising conductive polyaniline, a 
photochemical radical generator and a solvent is 
provided on the substrate, whereafter the layer is 


exposed to patterned radiation, thereby forming 
substantially non-conductive polymer in the ex¬ 
posed areas, and then heated, after which the 
metal layer is electrodeposited onto the conductive 
5 polyaniline from a metal-salt solution. It has been 
found that conductive polyaniline becomes sub¬ 
stantially non-conductive if specific radicals are 
generated in said polyaniline. Said radicals can be 
obtained photochemically. Aliphatic phenylketones 
70 such as 1-benzoyH-cyclohexanol are very effec¬ 
tive photochemical radical generators. The ratio 
between the sheet resistances of the exposed and 
the unexposed areas is above 10 7 , so that selective 
metallization of the unexposed areas is possible. 
15 Exposure takes place by irradiation with deep UV- 
light (wavelength < 320 nm). In the heating step, 
unreacted radical generators are removed by evap¬ 
oration. 

The above-described methods both form a 
20 negative process: the exposed areas of the poly¬ 
mer layer become non-conductive. 

A positive process can be obtained by using a 
solution which comprises monomers or oligomers, 
an oxidation agent, a base and a photochemical 
25 acid generator. By virtue of the base, the solution 
is stable at room temperature. By selectively ex¬ 
posing a layer of such a solution to UV-light, the 
photochemical acid generator generates protons 
which neutralize the base present. Said neutraliza- 
30 tion initiates the polymerization reaction, which 

leads to in situ doped conductive polymer in the 
exposed areas. Onium salts, such as triphenylsul- 
phonium hexafluoroantimonate and 

biphenyliodonium hexafluorophosphate, can be 
35 used as the photochemical acid generator. Ar¬ 

omatic compounds, such as aniline, and 
heterocyclic aromatic compounds, such as pyrrole, 
furan and thiophene, can be used as the mon¬ 
omers. To increase the solubility and improve the 
40 processability, said monomers may be substituted 
with, for example, alkyl groups or alkoxy groups. 
An example of such a compound is 3-dodecyl- 
thiophene. Suitable oligomers are, for example, ter- 
thiophene and a ,a'-coup led undecathiophene sub- 
45 stituted with four dodecyl side chains, in literature 
referred to as T 12 CI 4 (2,5,8,11), i.e. 12 thiophene 
rings (T 12 ) with 4 dodecyl side chains (d+) on the 
rings 2,5,8 and It. The above-mentioned com¬ 
pounds can be used as oxidation agents and 
50 bases. 

The method in accordance with the invention 
enables a metal layer to be selectively elec¬ 
trodeposited onto a substate in a simple manner, 
without using a electroless metallization bath and 
55 without photolithographic etching treatment. 

The invention will be explained in greater detail 
by means of exemplary embodiments and draw¬ 
ings, in which 
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Fig. 1 is the structural formula of 3,4-ethylene 
dioxythiophene (EDOT), and 
Fig. 2 is a perspective sectional view of a part of 
a laminated structure in accordance with the 
invention. 5 

Exemplary embodiment 1 

A quantity of 0.35 mmol of 3,4-ethylene diox¬ 
ythiophene (EDOT, supplier Bayer AG, formula see 70 
Fig. 1) is mixed with a solution of 0.81 mmol of tris- 
(toluene sulphonate)Fe(lll) and 025 mmol of im¬ 
idazole in 1.5 g of 1-butanol. The solution obtained 
is stable for approximately 12 hours at room tem¬ 
perature. Said solution is passed through a 0.5 urn is 
filter. 

Fig. 2 is a perspective sectional view of a part 
of a laminated structure 1 in accordance with the 
invention. Said Figure shows a polymethyl 
methacrylate substrate 3 onto which a layer 5 of 20 
the above-mentioned solution is provided by spin 
coating. The layer 5 obtained is dried at 50* C for 
3 minutes. The layer 5 is exposed, via a mask, to 
patterned radiation with UV-light (X < 300 nm) by 
means of a Hg lamp, the areas 7 remaining unex- 25 
posed. Subsequently the layer 5 is heated to 110* 

C for 1 minute. After cooling, the Fe(II)-salt formed 
is extracted from the layer by means of 1-butanol. 

After extraction, the average layer thickness is 0.07 
urn. The unexposed parts 7 of the layer 5 com- 30 
prise electrically conductive poly-3,4-ethylene diox¬ 
ythiophene having a sheet resistance of 470 
Q/square, from which the specific conductivity can 
be calculated to be 300 S/cm. The exposed parts 
of the layer comprise a non-conductive polymer 35 
having a sheet resistance of 1.4*10 9 Q/square. The 
sheet resistance is determined by means of a four- 
probe measurement. 

Both the conductive and the non-conductive 
polymer are transparent to visible light. The in situ ao 
doped conductive polymer is surrounded by areas 
of non-conductive polymer, so that further 
planarization steps are superfluous. The conductive 
patterns are stable in UV-light (X > 300 nm) and, in 
addition, have a higher thermal stability than the 45 
conductive polymers known to date. 

The conductive pattern is subsequently cop¬ 
per-plated in a aqueous copper bath comprising 
0.5 mol/l of CuSCU and 0.5 mol/I of H2SO4 at room 
temperature. The current density is 0.1 A/cm 2 . A 50 
copper pattern 9 is deposited only on the conduc¬ 
tive ( i.e . unexposed) parts 7 of the polymer layer 5. 

The adhesion of the copper layer to the polymer 
layer passes the tape-test. 


Exemplary embodiment 2 

Conductive polyaniline is prepared by adding a 
aqueous solution of (NKU^SaOs to a hydrochloric 
acid solution of aniline. The precipitated polyaniline 
is filtered-off and washed with water. This synthesis 
is described in a article by Y. Cao et al. in Poly¬ 
mer, 30, 2305-2311 (1989). A quantity of 2 g of a 
solution is prepared which consists of 0.5 wt. % of 
conductive polyaniline in m-cresol. A quantity of 
0.15 g of 1-benzoyl-1-cyclohexanol is added to this 
solution. The solution is spin coated onto a glass 
substrate. The polymer layer obtained is dried at 
90 * C for 1 minute. The thickness of the polymer 
layer is 2.1 urn. Subsequently the dried polymer 
layer is exposed to patterned radiation with deep 
UV-light in a nitrogen atmosphere. The unexposed 
parts of the polymer layer have a sheet resistance 
of 100 Q/square (calculated specific conductivity 48 
S/cm), whereas the exposed parts have a value in 
excess of 10 9 Q/square. Subsequently, copper from 
the electroplating bath of exemplary embodiment 1 
is deposited on the unexposed areas of the poly¬ 
mer layer. In this manner, copper tracks having a 
width of 0.5 mm are produced. 

The same result is obtained if polycreso! form¬ 
aldehyde (Bakelite™) is used as the substrate ma¬ 
terial. 

The method in accordance with the invention 
enables polymer patterns to be photochemically 
produced in a polymer layer, the sheet resistance 
of the conductive parts of the polymer pattern 
being maximally 1000 Q/square and, in addition, a 
factor of at least 10 6 lower than the sheet resis¬ 
tance of the unexposed parts. In accordance with 
the invention, the conductive polymer pattern can 
be selectively provided with a metal layer by elec¬ 
trodeposition, thereby forming a corresponding 
metal pattern. Thus, the method in accordance with 
the invention can very suitably be used for the 
additive manufacture of metal patterns and, hence, 
is a favourable alternative to electroless metalliza¬ 
tion. 

Claims 

1. A laminated structure comprising a electrically 
insulating substrate carrying a electrically con¬ 
ductive polymer layer of a polymer having a 
sheet resistance of maximally 1000 Q/square, a 
metal layer being electrodeposited onto the 
electrically conductive polymer layer, charac¬ 
terized in that a pattern of areas of substan¬ 
tially non-conductive polymer whose sheet re¬ 
sistance is at least a factor of 10^ higher than 
that of the conductive polymer is formed in the 
polymer layer, and said pattern is not provided 
with a metal layer. 
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2. A laminated structure as claimed in Claim 1, 

characterized in that the polymer layer com¬ 
prises predominantly poly-3,4-ethylene diox- 
ythiophene which may or may not be substi¬ 
tuted. 5 

3. A laminated structure as claimed in Claim 1, 
characterized ip that the polymer layer com¬ 
prises predominantly polyaniline. 

10 

4. A laminated structure as claimed in Claim 1, 
characterized in that the metal layer comprises 
predominantly copper. 

5. A method of manufacturing a laminated struc- is 
ture as claimed in Claim 2, characterized in 

that a layer of a solution comprising 3,4-eth- 
ylene dioxythiophene monomers, an oxidation 
agent, a base and a solvent is provided on the 
substrate, whereafter the layer is exposed to 20 
patterned radiation and subsequently heated, 
thereby forming conductive polymer in the un¬ 
exposed areas and substantially non-conduc- 
tive polymer in the exposed areas, after which 
the metal layer is electrodeposited onto the 25 
conductive polymer from a metal-salt solution. 

6. A method as claimed in Claim 5, characterized 

in that a Fe(lll)-salt is used as the oxidation 
agent. 30 

7. A method of manufacturing a laminated struc¬ 
ture as claimed in Claim 3, characterized in 
that a layer of a solution comprising conductive 
poly aniline, a photochemical radical generator 35 
and a solvent is provided on the substrate, 
whereafter the layer is exposed to patterned 
radiation, thereby forming substantially non- 
conductive polymer in the exposed areas, and 
then heated, after which the metal layer is 40 
electrodeposited onto the conductive 
polyaniline from a metal-salt solution. 

8. A method as claimed in Claim 7, characterized 

in that aliphatic phenylketone is used as the 45 
photochemical radical generator. 
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